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INTRODUCTION 


This investigaton is a study of some of the problems with 
which designers have to deal in the dimensioning or checking of 
stresses of R.C rectangular sections under normal stresses. It is 
restricted to the case in which the external force or couple lies on 
an: axis of symmetry of the section. The case of double’ bending 
or eccentric normal forces acting outside the axes of symmetry 
has been treated in another paper by the author and submitted to 
the Faculty in November 1940. The point-of application of the 
normal force is also considered to lie outside the ideal core of the 
section. The other case where the resultant falls within that core 
represents no difficulty and can be treated as a homogeneous 
section. 

The following points are treated for the cases of simple 
bending, eccentric compression and eccentric tension. 

(A) Determination of the required areas of tensile and 
compressive reinforcements for a section of given depth and 
determination of the stresses which make the area of steel in the 
section to be minimum. 

(B) Determination of the required areas of tensile and 
compressive reinforcements if the ratio of the compressive to 
tensile reinforcement is given. 

(C) Check of stresses. | 

The formulae which give the Padtnred unknowns in the three 
cases are complicated. The solution is simplified by providing 
direct curves and tables, all of which are unitless and attempted 
to be put in the most possible general form. For any special 
conditions, special curves or tables can be obtained by substitution 
in the general formulae or in the given tables and curves. 

The first part of the paper deals with the theoretical review 
and deduction of curves and the second part with applications and 
examples on the use of the curves and tables. The second part 
is so arranged that it can be read separately. 

The writer wishes to acknowledge his great indebtedness to 
Prof. Dr. W. S. Hanna Head of the R. C. Dept. and to Prof. Dr. 
Schwyzer Head of the Theory of Structures and Metallic 
Construction Dept. at the Faculty of Engineering, Fouad 1 
University for their most valuable advices. 


December 1940 M.B. 
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== External normal force acting on axis of symmetry of the section. 

= P eo = Moment of P about the horizontal axis at middle of the 
section. 

Pe = Moment about tensile reinforcement. 

P e = Moment about compressive reinforcement. 

Moment about centre of action of compression. 

Ratio :of the modulus. of. elasticity of steel to that of concrete. 

As /b d = Ratio of area of tensile reinforcement to effective 


sn 
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area of concrete. 

A’';/b d = Ratio of area of compressive reinforcemnent to 
ye «a felfective area of concrete. 7 

= A;/ As = Ratio of compressive to tensile reinforcement. 

=a /d y 

= z/d 

= c/d 

== Maxirnum compressive stress in concrete. 
e == Unit stress in concrete at compressive reinforcement. 

= Maximum tensile stress in tensile reinforcement. 
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PART l. 


THEORETICAL REVIEW 


Introduction: 


Fig. (1) 


The items which enter in the design or the check of stresses 

of a R.C. rectangular section under a normal force P and a couple 

' Mare the following (fig..1).: — | 

M, Po fe’ fs 31 8 BI a | 
From these , M & P are given values, _ 

b & a are chosen values, 
, and n can be considered as a constant value. 
Thus we are left with the following arbitrary values: 


fo ENG ONG RIND, te Cha A Tats 


me og 


.«' Since we have: only two conditions. of equilibrium, three of 
the previous five values should be given. The other two can be 
determined from the conditions of equilibrium. 

The preceding statement is very important because the problem 
is sometimes set in an erroneous form by giving either less knowns 
or more knowns than the required. e. g. we cannot determine 
d, As & A’s except if a third condition is given, say A’: / Asis 
given or A's = 0. 

The problems which seem to be of importance in. practical 
design are the following: 


(A) Given d, fc, fs ; required As & A’s. 
(B) Given fc, fs and A’s/ As; required d & As. 
(C) Given d, As & A’s; required fc and fs . 


Each of these problems will be treated separately to find the 
general formulae and curves giving the required unknowns. 


It should be mentioned that the above three types of problems 
do not occur simultaneously. In some cases the designer has a . 
limited depth or prefers to choose a definite depth; thus we get 
type A. In other cases, it is preferable to limit the ratio of 
compressive to tensile reinforcement in the section and to find 
the required depth and reinforcement, thus getting type B. In both 
these case there is no need to check the stresses. Type C only 
occurs when both the depth and the reinforcement have been 
preliminarily chosen without design according to (A) or (B) and it 
is required to compute the maximum resulting stresses. 


(A) Given: The depth of a R.C. rectangular 
‘section, subjected to a couple or to an = eccentric. 
compressive or tensile force and the values of maximum 
stresses. an ei ke 7ienisigie loesayy ae 


Required: determination of tensile and. compressive 
reinforcements ))) -) soon yj Jolei 6 ¥ A ee 


Referring to fig. (2), (3), (4) the following equations apply to 
each of the three cases : Me, Aon {7 


ce nied/(ite+f) = nd/(n +R). where R = eee 


== sd where s = n/(n + R) 
ff. telz — a)/z and putting. 2 ==a¢ 


te=—hk(l —i/s) 


(Tension) 


enim sbP 


gg 


Fig. (4) 


Se ae 


Taking frements about tensile reinforcement : 
Ms = bfez (d — z/3)/2-+ nA’s fc (d — a) 
= bfe sd (d — sd/3) / 2 + nu'dfe (1 — i/s) (d — id) 


= s (1 — s/3)/2 +n (1 — i/s) (1 — i) 
pore eis s? (3 — s) 
aie ‘bd? fe. (- (s — i) ites (a) 


a er (par O° 0.) 
where C; = s/n(s—i) (1—i) & Co = s? (3—s)/6n(s—i) (1—i) 
Taking moments about compressive reinforcement: 
Mic As fs (d — a) — bicz (z/3'—. a) f2 


= 
<S 
Zl Os ee 
pel 
nN 
— 
Q 
| 


Thus: 
Ms tae i 8 =) +s 0/3;e) {2 


yes 
ae f. Ga (1 — yh Gat a 


u = Cz (sare) + & ee 


where C= 1/R 0-1). 8 Ge (s — 3i)/ OR (1 — & 
For simple bending Ms; =M;s=—M 
For eccentric compression or tension Ms = Pe & M's = Pe 
Equations (1) and (2) give the values of  & u. The values 
of Ci, Ce, C3 and Cs are given in table (1). 
Curve | gives directly u and uw’ for cases of bending, eccentric 


compression or eccentric tension and for any values of fs & fc. 
Both table 1 aud curve 1 are constructed for n= 15 and i= 0.08 


Condition for Minimum Reinforcement: 


It is not necessary that the minimum reinforcement in the 
section corresponds to the maximum permissible values of fe and 
fs. It will be seen that in some cases of eccentric compression 
the minimum value of (A’s-+ As) corresponds to values of fs 
which are lower than the jeri values. The problem thus 
becomes as follows ‘— : 


—Q— 


Given d , f, 

Required fs, As, A’s such that A’; + As = minimum. 

it should be noted that the reduction of one of the knowns is 
accompanied by the addition of the extra condition of minimum 
reinforcement. 

Solution : : | 

For minimum reinforcement, it is clear that the maximum 
permissible value of fc should be fully utilised. The value of fs 
is to be obtained from the condition: 


d ae 
df. (As + A’; ) 0 


From equation (1): 


he wilt se ee) (ne a) 


Ree —) 
n(l— iw = oe. aoe (a) 
_ a ee " 
From equation (2): 
*é aan eas (Gavcs >) 
Putting R= n (1 To 
se As eeoree au —= 
A ome ig Ga ee leaeea) - + (b) 


Differentiating equations (a) & (b) with respect to fs and 
adding : 


oan: 
bh , 
Gh 4) ak (u’-b LL) = 


Ms (, il ds 


bd? fe \is — i? / dfs 
—(* — 2s3 — -+ 3is? 
8) (s ae i)? eee ae 
3s” — 2s? — 6is ++ Sis? ' ds me 
"a (ta 6 (1 — s)? “dts. hao 


dfs fc (n + R)? 


Thus: 
Ms. 
Titel (eer sare (i) 


3s) 2s? Gis“ Sis: 1) a | 
oT te 
S $ (s — i)? 
(ac) ara i{Y = "s)" 
(3s? — 2s? — Gis + 3is? )(1—i)(1-+i— 2s), __ pes 
( toy pai wheal 


Equation (3) gives the value of R which fulfils the condition 
that (As + A’s) = minimum. Values of R can be obtained from 
table (2) or curve (2) which is constructed for n= 15 and i = 0.08 


aa ¢ Cm 


(B) Given: The ratio of compressive to tensile 
reinforcement for a R. C. rectangular section subjected to 
a couple or to an eccentric compressive or tensile force. 

Required: determination of the depth and reinforce- 
ment. 


(a) Simple Bending: (Fig. 5) 


alert Sate 


Fig. (5) 


Given A / Asa’ 
Equations cf equilibrium are: : | 
Asfs = b'ez i 2 +. nfcAs ica ; (i) 
M Eee ee ere (d — a) (ii) 
we have z=sd wheres=n/(n + R)&R —'ts/ fe 
& f'c fe(1 —a/z) =fe(1 —i/s) - 
Thus from equation (i): | | 
matics icy oe Fe heh oe | 
As = bdsfce/2 (fs — an'c (1 — i/s)) 


S 


a oes (Ais) ee Seria eee 


U. OF ILL. Lb. 


and ‘from Hone (ii): 


“= (bdsfe / 2) CG aaa Wie eat ala Base out (d—id)ba 
pereien = § (1 —s/3)/2+ anu (1 —i/s) (1 — i) 
dg?) 6e= MP feb it (1 s/3)/2-b on'w (1478) a) 


a= KVM nui) anal oh a 


where Ki =—c Nae fc C= 1 / \/s(1—s/3)2--anu(1—i/s)(1—i) 
_ Equation (4) determines the reinforcement and equation (5) deter- 
~ mines the depth. 


Values of u & c are given for different ratios of R in tables 
3 (a) and 3 (b) and in curves (3). 


Note: The same tables and curves can also. be used for 
check of stresses. 


(b) Eccentric Forces. 
(i) Eccentric Compression: (fig. 6) 
Given As/As = «a 
Equations of Equilibrium: 
P. = biez/2:+ nic As— Asis (i) 
M's = As fs (d — a) —bfez(z/3—a)/2 ~ (ii) 
From equation (i): 
P = bfesd/2-+nfc(1—i/s) au bd — uw bdfs 
P/bdfé =s/2+ aun(1 —i/s)—uR 
Thus: 


pera : 
1=-Go)> 8 61 


Where yy =s/2+ aun(1—i/s)—uR 
From equation (ii) : 
Pe/bd? f- = up R (1 —.i) — (s/ 2) (s /3 —) 
but : | 
Pe'/ bd? f. = P (eo — kd) / bd? fe 
== Pb? fe y? (eo — kp / bfe y) / bfe P? 
= bfceo y?{/ P — ky 


a 


i NAY 
d a=id 
C=kd 
“2050 
where $a aa 
/ + 
fe = Fe ch-4) 
Fig. (6) 


Thus: 
bie eo y?/P—ky =uR (lt —i) —s/2 (s/3— 1) 
Substituting for y = s/2+aun(i —i/s)— UR, 


bf. €o (> +t. aun ( Haas +) —uR) ws K(S + apn ( 1 4 )—aR ) 


P 
=~R(I—i)—> =i). A eo ean MEd 


Equation (7), contains only u as unknown, After determining 
the value of u from equation (7)a, the depth can be determined 
from the equation (6) . 


' (ii) Eccentric Tension. (fig. 7) 


Given A’;/As = a 
Equations of equilibrium: 
P= Asfs— bfiez/2—n f'e A's (i) 
M's = As fs (d — a) — bfe z(z/3 — a)/ 2 (ii) 
From equation (i): | | 
- P =u bdfs— bfesd/2 — nfe(1 — i/s) a up bd 
P/bdfé =upR—s/2—aun(l —i/s) faci 


2 | 
| Bee ae | P (Tension) 
Figs?) 
Thus 
P 1 : 
iGreen ce 


where y= uR—s/2— aun (li —i/s) 
From equation (ii): 

Pey batic (an RT rel) oy 2) (Se 
Pe’/ ba? ct Oe (eo + kd) / bd? fc 

= bf-eoy?/P+ky 

Thus: | Het 3 
bfheoy/Ptky=uR (it — i) — (s/ 2) (s/3 — i) 
Substituing for y =»pR-s/2--aun (l ~ i7 ae 


pt S efaly ae \PAGY (1 ing Shea , is ) 
P 1h errr sh alg ceal —~k uR 2 aun (1—— ) : 


= wb R (1 —_ i) —5 (4-1) tM eds ee: (7)b 


It can be noticed that equations (6)> & (7)» for eccentric 
tension are identical with equations (6). & (7)a for eccentric. 
compression. Pree eG a 

Curves (4) to (9) and tables (4) to (9) give the depth and 
reinforcement of rectangular sections subjected to. eccentric. 
compressive or tensile forces for ratios « = 0, .2, .4, .6, .8, 1 and 
for.a.== 08d (ki, 46,1 = 08) and ne. Io 


Due Pomp) 
| 


: i i 

(1) (a1) P(Tensioni - - - -+4 
Fig. (8) 

Special Case: Sections with no compression reinforce- 

ment under bending ; eccentric compression 

and eccentric tension. (Fig. 8) 


For each of the three cases shown in (fig. 8) the following 
equations apply: 


bez) (disse p 3)P 2° "Ms (i) 
and As fs (d <a z/3) at Mi (ii) 
where M: = Moment about the centre of compression. 

From equation (i): : 
bfesd (d — sd /3)/2 = Ms where s=n/(n-+ R) 
then d= Vy 6/s(—s)fe X V¥ Ms/b 

(eT. GE ea seam auaars aon ar ae eas ite ER) 

where Ki=c/yV fe. and c = 6/s(3 —s) 


When applying equation (8) in cases of eccnetric compression 
or eccentric tension, the depth should be preliminarily assumed, 
because Ms is a function of d. An alternative to this is to refer 


~~ [§— 


to the centre of the section instead of referring to the tensile 
reinforcement. Thus: 


d=Ki\ Ms/b- 


= Ki VP (eo -+ kd)/b ++ for eccentric compression 
_ da? /K? += M/b - P-kd:/b ~~ --—for eccentric tension. 
Thus: | 
Se red 
pat . Pwr sisted 
d=K(tr+V¥ rte). 


"where. “r= "P kKi/ 2 b and + for eccentric compression — 
— for eccentric tension. 
From equation (ii): 3 
As fs d (1 —s/3) = Mi 


Thus A; = id ; (10) 
where Ko =cfs and c = 1-—s/3 
or Asfsd (1 —s/3) = Ms + P (1 —s/3) 
Thus: 
| wep ‘ 
As= Eq 1 - ‘ ae  - (11) 


— for eccentric compression 
++ for eccentric tension. ale 
For determining the depth either equation (8) or (9) can be 
used and for determining the reinforcement either equation (10) or 
(11). Values of.c and ce’ required for determining Ki and Ke are 
given in table (10) and curves (10) for n = 15. ) 


—1L/— 


(C) Check of stresses under-simple bending, eccentric 
compression or tension. 


Referring to figures (2), (3), (4), the following equations 
apply for each of the three cases: 
Ms = Pe = bfcz (d — z/3)/2 + ni’e A’ (d — a) (i) 
M's = Pe’ =.As fs (d — a) — bfcz (z/3—a)/2 (ii) 
and we have: z = sd where s = n/(n + R) 
for=aiell s/s) 
Substituting in equations (i) and (ii) we get: 


Pe /bd? f- = s (1 —s/3)//2+ aun(1—i/s)(1 —i) (iii) 

Pe’/ bd? f6 =uwR(I — i) —s (s/3—i)/2 (iv) 
From equations (iii) and (iv): 

edamame 8/6 (15) 


e s (3—s) / 6 4- awn (1—i) (1—i/s) 


and from equation (iii): 


Papi Pal eatiipyid, hb Ste cot Gyan ws 
MT. Bil2 (@eesi iota Ga si) Gliils). 


or 


aaa Rr fo tie os 


- Equation (12) contains R only as unknown. Curves (11) to 
(16) are computed from this equation for n = 15, a = .08d and 
for values of a = 0, .2, .4, .6, .8, 1.0. 


Equations (13) gjves fc. Values of K can be taken from 
curve (1). 


es 
PART Il. 
SUMMARY & APPLICATIONS 
(A) Given : d, f. and f; for a section subjected 


to simple bending, eccentric compression or eccentric 
tension. 


Required: A; and A’;. 


Procedure : 
Ms M's 
(a) Find halt. and Bae f 
where Ms = moment about tensile reinforcement. 


‘; = moment about compression reinforcement. 


(b) From curve (2) or table (2), find fs which gives minimum 
reinforcement. Generally for simple bending, eccentric tension and 
eccentric compression with big eccentricities this step can be 
dispensed with, since the minimum (As -—+- As) is obtained by 
taking the maximum permissible value of fs . 

(c) Find uw and w’ from curve (1) or table (1) and hence As 
and A's . 


Examples : 


Example (1): A rectangular section 
40 X 70 cms is subjected to a bending 
moment M == 20 m.t. and an axial com-. 
pressive force P = 10 tons. | 

Find. ard at tc = 50 ke/em- 
and fs = 1200 kg/cm? 

Solution : (fig. 9) 


ey = 20/10 =: 2.0 m. 
e. == 2,30 m2 & = 1,70 m. 
Mi) 2°10 000 52300) ce 
bd? fc 40 X05? X50 oc 
M's 10 000 X 170 
= NO aay 


bd*f- 40652 X50 


For minimum reinforcement from curve (2) R > 24 
We take R = 24 i.e fs = 1200 kg/cm’ and fe = 50 kg/cm? 
From curve (1) or table (1) : 
ia O52 /, eae eODkr ou amy Lee Lh a=. 1.007 0/4 
Note : The compression reinforcement can be decreased by 
increasing the tensile reinforcement and in this case fs will not be 
fully utilised and (u’ + y) will be bigger, e.g : 
(1) If wis taken 1.2 °/o, from curve (1) R = 19.5 
i.e fs = 975 kg/cm? e170 fs ; uve = 1806 °/, 


(2) If fs is taken 800 kg/cm? i.e R = 16, 


b= 15 °/o : a a Pe ; Misi = 2.1) Ot 
(3) If fs is taken 600 kg/cm? i.e R = 12, 

ee 2,0842/5 RemeeesS i C/oc wma. fly em) 2eAb of 6 
(4) If no compression reinforcement is used 

u=0 R&S 7 s = 350 kg/cm? 

u = 3.6 Yo ee ee g.07°/0 


Example (2): A rectangular section 30 X 50 cms is subjected 
to a bending moment M = 5.0 mt. and an axial compressive force 
P = 20t. Find u and uw’ if the maximum permissible stresses are 
fe == 50 kg/cm? and fs = 1200 kg/cm? 


Solution : (fig. 10) 
€o = 5/20 SL | 
ae a0. A po a= O4ornp: 
_Ms___ 20000 X 46. __ 5g 
Bieta 30 664071 50.) 
Misr re Del Bi 
ba? fe ay) | aed 16 == 020 


From curve (2) or table (2), for minimum 
reinforcement 


R= 48—-ise '* fs = 630. kg/cm? 
From curve (1) or table (1) : 
(P9444 %o yg LSE 60 Yo 
Wo -+ uw == 1.04) %7/o 
Note : The following table shows 


Fia.10 


that a wide variation of fs from that giving minimum reinforcement 


does not affect the sum of » and w’ appreciably and hence a wide 
range of choice can be made. 


R f t | ath 
rig ah Pas ope ae 
20° 150, | 000) |e 
oe Bea, WF b0 F900 fp, £325, | ana 
Aviad 5p Ot > ood tie | 
a i an Lf ae Patiys hence 
a Gui RIE 50 ce be 650 i bie 44 ioe aha cae 
ae a fit ae Hers teHE 
bg 10 Fh Soe 1 moO i68 1k 
ee H002 lyn 
| pe Umea d RDS 2 aed 149 ie 
Sa aR Rs naelvii a | 2.54 


Examble (3): A_ rectangular section 
40 X 70 cms is subjected to a moment 
M = 20m. t. and an axial tensile force 
P = 10 tons. Find pw and w if fe = 45 
kg/cm? and fs = 1300 kg/cm? 


——+ § }»-— 


| 
$2390 oe 


8 
w& 
Solution : (fig. 11) 
eo = 20/10 = 2.0 m. 
e=170m. , e =230m. | 
° l 
Ms 10.000 _X. 170 a9 |  § 
bd? fash Cos 4g xs) 
M's 230 1 
bd? fe ee 170 = 302 tent Geated 


From curve (1) or table (1) : 
Le Of oe! he eee Ori a Fig i 


Example (4): A rectangular section 40 X 60 cms is 
subjected to a bending momen M = 20 m.t. Find the required 
reinforcement if fe == 60 kg/cm? and fs = 1200 kg/cm? 


Solution : 

R = 20 

_Ms____M's____2. 000 000 
bd? fc bd? fc 40X55" X60 
From table (1) or curve (1) : 

u = 1.56 °/o 44814 8/0 


(B) Given : a =A’;/ A; ,f- and f; for a_ section 
subjected to simple bending, eccentric compression or 
eccentric tension. | 


Required: d , A; & A’. 
Procedure : 
(1) Simple Bending : 
From curve (3) or table (3) find u and then c. 


then: Ki = ieee - d = Ki a 
\ fe b 
As=ubd ’ js crt d 9 eal 


(2) Eccentric compression or tension : 


bfc €o 


(a) Find the value of ¢ = —, 


(b) From curves (4) to (9) or tables (4) to (9), according to 
the value of « find u and then y. 


ee ars Ge) 7 


As = uw bd : Aree AG 
Remark : 


In cases of simple bending or eccentric tension the maximum 
permissible stresses are to be used. For eccentric compression 
with small eccentricities smaller values of fs may be tried. Curve (2) 


ad re 


may be used as a guide by assuming a reasonable depth and 
finding fs which gives the mimimum reinforcement. In any case, 
however, it is easy to make some alternative designs for the 
section for different values of R and thus finding the most suitable 
or the most economical section. 


Special Case : Sections with no compression reinfor- 
cement. 


Instead of using curves (3) to (9) for dimensioning such 
sections under bending, eccentric compression or tension, the 
following direct equations can be applied for the three cases : 


d = Ki /e 
. b 
On ad == Ki (+5+ fet 4) 
a b 
es 
ok iD 


+. for eccentric compression 


where fr = 


— for eccentric tension. 


Ath VAs 
And As = reset 
(where M: = Moment about centre of compression) | 
Ms ey c 
Re . RE: Kod rp fs 


— for eccentric compression. 
-+- for eccentric tension. 


Values of Kiand Ke can be obtained from curve (10) or 
table (10). 


Examples : 


Example (1) : \t is required to design a rectangular section 
to carry a bending moment M = 25.0 mt. if fe = 60 kg/cm’ , 
fs = 1200 kg/cm? , b = 40 cms and: 


~@ A's tAs =O (ii) A's 2 As = 05 (iii) A's : As = 1. 


Solution ; (fig. 12) 

R = 1200/60 = 20 . 
(i) If A’s : A7= 0, from curve (3) or table (3) we get : 

c= 2.33 & u = 1.07% aa 


ey 30 
/ 60 
d = .30 [25,000 =— {5.cms. 
\ 0.40 
BOL 
Ag ‘En eile’ ay 
UF (iu) 
| 
| | 
Agi 19.2em? | 
| 
| 
al 
9 
Ww | 
| 
| | 
| 
3 | 
Fig. (12) 
pelvis As = .5 
C= 1,02 & w= 1.55. °/. 
2 
Kr = bee. a .247 
¥ 60 
d = 247 tant hue gist 
0.40 
1.55 , 
he ee 2 x 40 98-4 CMe A’, = 19.2 cm? 


(iii) If A’s : As= 1 
= 1,42 & u = 2.75 %/o 


ad. ‘= .183 ‘EZ 000: 46 cms 


= 
| 
x 
ras 
a 
x 
S 
| 


50.6 cm? A’s = 50.6 cm? 


Example (2) : Design a rectangular section to carry a 
bending moment M = 20 m.t. and an axial compressive force 
P = 10 tons if b = 40 cms, A’s: As= 1, fe = 50 kg/cm? and 
fs = 1200 kg/cm? . 


Solution : 


R = 1200/50 = 24 
€o = 20/10 = 2.0 m. 


es bfc £0 hie 40 x50 x 200 i 


From curve (9) or table (9) we get : 
u == .04 °/, & y = 078 


i AO D0O 
da (oa) 109050) DIR 


Ph ae _ 94 
As = As = 99 % 104% 40 = 24.1 cm’ 


Comparisons : (fig. 13) 


The following table shows the required depth and reinforce- 
ments for some different ratios of As: As. The table also gives 
the relative cost and relative weight of the section per unit length 
considering that for the section without compression reinforcement 
as unity. In computing the relative cost, the cost of steel, including 
the manufacture, to that of concrete, including the formwork, per 
volume is assumed to be 50. 


4 Ae “ut lati lati 
As:As| U °/o Dt zo ete e/a bd we Sade i ie 
Sd) ES 2 <8 ee GY 


Example (3): \t is required to desgin a rectangular section 
to carry a tensile centric force P = 5.0 tons and a bending 
moment M = 12.0 m.t. if b = 35 cms : Ae evans (rey ies 
fo = 45 kg/cm? and fs = 900 kg/cm? 


Solution : 


R = 900/45 = 20 Co = 12/5 = 2.40 m. 
Dfee@o _ 35X45 X 240 


aie GE ROUG Et amas co 
From curves (6) & (7) or tables (6) & (7) we get: 
C= 2.07 7s Cee see 2 
P I Pe OUUU. 5 sal Bi 
¥ (cca) y Pp ed 


si ANT oi : 
As TOO 35 ~*~ AA = 318 cm 


A's= 0.5 X 31.8 1 5.0.cm- 


Example (4) : Same as example (2) only P is a tensile force. 

The following table shows the required depth and rein- 
forcement and the relative cost and weight of the section for some 
different ratios of A's: As. The relative volume cost of steel, 
including manufacture, to that of concrete, including formwork, is 
assumed to be 50. 

R = 24 Co = 2.0 m. 


_bdfeeo _ 40 X 50 X 200 _ 


: Sy POSMR TOT av 


ve 4 aa als Total }|Relative|Relative 
Ae tAs| BP ho rH) 6) ad As cost | weight 


(saemeeeeeccs | mocesemecseemee | eee eee | ee: | EI ge a eens ff eee ee 


ede se ke wcwlc mean [elie cd ce etese dc dcebde | ccecccasickiwecanenswacbesacs| cemescwcbbocns | prapne se teswcdsosens fl tansnasna=<seme~ == sasi>t a= See aan ee eer eee 


(C) Check of stresses under simple bending, eccentric 
compression or eccentric tension. 


Procedure : 
Find a or =° and from curves (11) to (16), aecording to the 


d 
ratio of As: As find the value of R. 


From curve (1) find the value of K or K’ then : 


fs a F fc 
Note: For simple bending curve (3) or table (3) may be 
used instead of using curves (11) to (16). 


Examples 


A rectangular section 30 X 75 cms " 
reinforced with 29 1’ on the compression 
side and 5 © 1” on the tension side. 
Concrete cover = 6 cms. (fig. 14). Check 
the stresses in concrete and steel for 
the three following cases : 


(i) If it is subjected to a bending 
moment M = 16.0 m.t. 


(ii) If it is subjected to a bending 
moment M = 16.0 mt. and a centric : 

Fig.14 

compressive force P = 20 tons. a On ei 


(iii) If it is subjected to a bending moment M = 10.0 m.t. 
and a centric tensile force P = 20 tons. 


Solution : 
As. 25.0 cm Ae: 10.0, cme Aisa Aaa -4 
25 , 10 
= = 1.2% se PAS 
SO giyperienr 122 Ue SOR evar T lemma 
Case (i) : e:e=] 
from curves (13) fs‘ fo = 21.8 
from curve (1) Kis=)23 
me 16,0000 4100). } 
fc = 3060? 223 48.8 kg/cm 
fee, 21.8% 48.8 = 1064 kg/cm’ 
Case (ii) : €o = 80 cms, e = 111 cms, e = 490 cms 


foes 44 


from curve (13) fot feo = 13.5 
from curve (1) Ko) 5 
we 120,000 3X #10 a : 
toi 30 X 692 X 125 == 55 ke/em 
fice 185 55 == 745 kg/cm? 
Case (iii): eo == 80 cms... e='40 ris). e’ = 111 cms 
ees 207 
from curve (15) fe fe SF 
from curve (1) K e342, 
ic = AOU SRE == 0 Ke/ Cot 


50 °K 007 > 42 
ee OP od == 1370 ke/em? 
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Dimensioning of Rectangular Sections under Eccentric Compression or Tension 
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Table 10 


Dimensioning Of Sections wilh no compression reinforcement 
under B ending fecenlric C ompression, or Eccentric Tension 
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